This empirical study identifies the main uncertainties present in the conceptualization phase of a new product development and their effect on time to market. In a previous study, 15 senior project leaders involved in the development of new products at a home appliance industry in Brazil were interviewed. In the study, the main uncertainty factors experienced by the project team where of the concept generation phase of a new product, was identified. Aiming at validating the uncertainty factors identified in the previous research, and also at identifying their influence on the timing of new product development of other categories of products, a field research has been carried out involving the new product development (NPD) of three different organizations leaders in their segments in Brazil: the home appliance industry, the hermetic compressor industry and the plastic transformation industry in Brazil. In that second study, NPD project senior leaders were interviewed about projects already carried out, and about the influence of uncertainty factors on the development time of those projects. With the data collected in the second research, a forecast model to calculate the average time of project development up to the launching of the end product for the NPDs analyzed was developed.
INTRODUCTION
The search for differentiated products and for the best cost has led to the reduction of product life and to rethinking product design. This context creates a new challenge to companies, that is, to get competitive *Corresponding author. E-mail: marcosvb@whirlpool.com.
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advantage generated by launching new products to the market. In this strategy, companies need be unique to reduce the number of direct competitors and to avoid price erosion, traditional in a competitive market. Having that differentiation and using it by making products available to the market before competitors do, is the strategic objective of most companies. Earlier availability of a product to the market may increase the profitability of a company due to the extension of its sales life, and also to the qualification of their NPD area to launch products within the timing required by the market. Fast development of a product leads to superior performance according to empirical studies (Griffin, 1997; Ittner and Larcker, 1997) .
A well known factor of NPD within organizations is that the degree of uncertainty at the beginning of a new product development process tends to be high. As the design team evolves in the development of the project, that degree of uncertainty is expected to decrease. However, it is at the beginning of the new project where most constructive solutions are defined. Decisions between alternatives at the beginning of the development cycle are responsible for 85% of the cost of the end product. Cost and time-to-market (TtM) may increase due to the need to change the project along the development cycle as each change made may invalidate a great number of decisions taken. (Rozenfeld et al., 2006) Smith and Reinertsen (1997) calls fuzzy front end the initial development phase or the new product concept generation phase, mentioning the lack of attention of managers to that initial phase as it does not have the traditional management control, that is, neither time scale nor established goals. Therefore, it is not possible to detect whether actions are deviating from the plan in the fuzzy front end. Also, the lack of controlling mechanisms is aggravated by the fact that most managers only pay partial attention to that phase. As managers are more involved with finances, they tend to ignore that phase as it seems to have a fuzzy financial impact. Consequently, improving decisions at the fuzzy front end of a project through knowledge and the treatment of uncertainties inherent to that step will allow the design team to develop the concept of a new product more clearly, concisely and objectively. As a result, improvement in the speed to develop a new product is expected as well as the possibility to achieve an adequate (TtM) through greater efficiency of the design team as a consequence of rework reduction caused by late definitions or lack of definitions.
The development speed of a new product in the NPD is linked to the time a new product is made available to the marker. (TtM) expresses the speed a company moves from the concept of a product to initial market sales. The time to market is defined as the total development time of a new product. It is obtained by adding the concept generation time (Tcet) to the conversion time (drawings/prototypes/tests) and to the execution time (making of moulds and tools) of a product. The speed of new product development has become important to manage innovation in businesses where changes are fast due to continuous reduction of product life cycle, an increase of competition in terms of technological advances and globalization (Chen et al., 2012) .
To Mascitelli (2006) , in the past, the TtM was less important than innovation and the cost of new products. However, in the last decade, speed and efficiency have been considered to be at the same level of priority as price and cost. Actually, today, many companies clearly know the difference in the total profit generated by being the first to launch a product. Although many companies use the fast follower strategy for a product already launched in the market, one should observe that an excellent TtM usually offers profitability gains for having a differentiated product before their competitors. Bayus (1997) says that an organization must decide whether it speeds up its efforts to catch up with a competitor who has just launched a new product or not. Barros et al. 11481 To the author, the analysis of trade-offs in the various parameters of new product development (NPD) of a model suggests that the quick development of low performance products is optimized within the following conditions: a relatively small opportunity of a market window, a weak competitor and relatively high development costs, that is, there is no need of high performance levels to allow an organization to reduce its time-tomarket safely. Within the same scenario, the author points out that if an organization decides to be the first to market a high performance product, the analysis of various trade-offs of the models studied suggests that to be the first the following conditions should be observed: a relative opportunity of a long market window, relatively high sales and relatively low development costs. Products of long life cycle, stable margins and high sales will generate enough income to cover for expenses originated from development speed-up. It can be observed that the new product developments researched fall within the second category, that is, the renewal of the products researched (e.g. refrigerators, ranges, hermetic compressors and pipes and fittings) takes place between three and five years or more. During that time interval complementary products or face-lifts may be generated so platforms are updated with relatively low development costs.
In their writings, Mcnally et al. (2011) point out a concern with the acceleration of product development time: the extreme acceleration of product development time may negatively influence the quality of the product to be launched. The same authors point out that focus on speed-to-market and quality of a product increase profitability of the end product. A studied carried out by the same authors showed that some trade-offs are done within the time, quality and expenses of the several steps of NPD to achieve the (TtM).
Given the aforementioned scenario, the fact of having an excellent (TtM) increases the strategic advantage of an organization. However, there is the concern that this (TtM) may be negatively affected due to the uncertainties experienced by the project team in the concept generation phase of a new product. The present study tries to help the NPD of organizations as to how to manage this problem. It is organized as follows: the first section is made a theoretical review of how (NPD) reference models approach the fuzzy front end. In the second section, a theoretical construct is made to understand the cause-effect relations of the uncertainties identified in the project performance (TtM). In the third section is described: a)-the methodology proposed by this study in order to identify the main uncertainties in the fuzzy front end, b)-the process to simulate (Tcet) and (TtM), c)-solution to solve the causes found. In the fourth section, is showed the application of the model proposed to three different new product developments with two purposes: to validate the uncertainties identified in the previous research and to understand the influence of the uncertainties on the TtM of the projects developed in these three models of NPD. In the fifth section, empiric data are analyzed through the use of linear regression to probabilistically determine concept generation times (Tcet) and the time to market (TtM). The last part of this study shows the results found, limitations and implications of the study and the final conclusion.
Literature review
New product development models (NPD) and their approach towards the fuzzy front end Discussions about difficulties in managing projects at the fuzzy front end may be found in writings by Smith and Reinertsen (1997) , Clark and Fujimoto (1991) , Cusumano and Nobeoka (1998) , Clark and Wheelwright (1993) , and Cooper and Kleinschmidt (1995) . According to Kerzner (2003) "the high proportion of changes in technology and in the current market has required great efforts from traditional management models which do not respond quickly enough to an environment in constant transformation". In the research done by Rozenfeld et al. (2006) , PMBOK (2004), Mascitelli (2006) , Back et al. (2008) , Clark and Whellwright (1993) , Cooper et al. (1986) , Crawford (1994) , Clark and Fujimoto (1991) and Whirlpool (2008) , one can observe the emphasis given to the treatment of information within a project, to the adoption of development flows in steps that allow decisions to be taken, and to simultaneous engineering as an integration, agility and speed tool. Although literature encourages such actions, in project practice one can observe that the formal beginning of a project happens without a thorough discussion of the set of information essential to the other activities and without an agreement among all people involved. Lynn et al. (1996b) developed a successful model for NPD using the new bench casing technique, which consists of sending knowledgeable informant a series of cases and asking them to identify key factors. This paper has identified ten successful key factors for NPD. The factors include (1) having a structured (NPD); (2) team clear and shared vision; (3) developing and launching products within the proper time frame; (4) refining a product after launching and having long term view; (5) having optimal team skills; (6) understanding market and its dynamics; (7) top management support to development team and team's vision; (8) applying lessons learnt from past projects; (9) securing good team chemistry; and (10) retaining team members with relevant experience. Whirlpool (2008) and Mascitelli (2006) describe management of innovation introduction into a new product through the development of concepts prior to the project as an assertiveness opportunity in the development and speed to launch a new product. Stefanovitz et al. (2010) talking about how more radical projects are, the greater the creative intensity in the divergent phase is, because they require continuous rethinking of frontiers between what exists and what is possible to be developed. Furthermore, throughout all the phases of the development process, teams deal directly with unknown and unpredictable situations which require new ways of solving problems and making decisions. Although, different models of reference define best practices to manage the concept of a new product, one can also observe that the main initiatives used to reduce uncertainties in the fuzzy front end are concentrated on stimulating the work of multifunctional teams and on a strategy that anticipates the most relevant information to the development of a product concept. According to Brown and Eisenhardt (1995) , the main factors that affect the performance of (NPD) are project team, project leader, role of managers and involvement of suppliers and customers during the execution of new product projects. NPD organizational aspects and the role of their actors are approached by the author again, but the fuzzy front end and its uncertainties are not pointed out. Cooper and Kleinschmidt (1995) recommend that attention should be given to pre-development activities, especially to the execution of market technical studies and to the analysis of feasibility which help to reduce the uncertainties in the fuzzy front end. Cooper and Kleinschmidt (1995) also stated that the level of abilities of the areas involved in NPD has been correlated with either the success or failure of new products, citing the technical capability of the teams involved in the project. The approach of the authors is related to the quality of execution of tasks, through the ability of engineers, but not to the complex points inherent to the fuzzy front end such as doubts generated when taking decisions due to lack of information. Griffin (1997) emphasizes the need of quality in the generation activities, in the analysis of ideas, technical development and introduction to the market. Again, the focus of the study is on the qualification of the team, not on the aspects inherent to uncertainties and their influence on the time to market. Poolton and Barclay (1998) suggest separating factors critical to success in NPD into strategically and tactical factors. The effectiveness of tactical factors (good internal and external communication, customer satisfaction, management quality and quality in the execution of tasks) depends on the construction of a favorable environment obtained with the correct use of strategic factors: support of senior management, strategic vision focused on innovation, commitment to the most important projects, flexibility, risk acceptance and incentive to entrepreneurial culture. However, according to the authors, the adoption of some of the aforementioned factors, said to be successful, has not led to the desired effectiveness, resulting in discredit in terms of their potential. Studies and publications generated a wide range of practices (best practices) or factors associated with the success of new products, among them (Cooper and Kleinschmidt, 1995; Griffin, 1997; Cooper et al., 2004a Cooper et al., , 2004b Cooper et al., , 2004c . Generally speaking, the authors cited reviewed studies about factors that were determinant to the performance of new products, and concluded that each of those studies tried to identify a factor that improves the success of NPD. However, the factors proposed by those studies are not exactly the same, which makes it difficult to reach consensus about what the critical factors to the success of NPD are, and also makes it difficult to generate factors of successful NPD for a specific industry.
Within the risk management area, more specifically, within the area of decision-making in a risky environment and measurement of uncertainties and their influence on health, investment, production and psychology fields, studies by Ward and Chapman (2003) , Dawson and Dawson (1998) , Yen-Chuan Chen and Hwong-Wen (2007), Terje and Zio (2010) , Rezaie et al. (2007) , Sassi et al. (2006) , Corotis (2008) , Soung-Hie Kim and ByeongSeok Ahn (1997) and Montgomery et al. (1986) stands out. In the environmental uncertainty context, according to Harrison (2003) , despite the great importance of the environmental uncertainty concept for the organizations, not much attention has been given by researchers to the aspects regarding measurement and validation. Uncertainty management is not only about managing perceived threats, opportunities and their implications, but also the identification and management of all sources of uncertainties (Ward and Chapman, 2003) .
Theoretical construct

Information, organizational structure, uncertainties and their influence on project performance
To understand the variables to be analyzed, it is important to show the relationship among information, organizational structure, project uncertainties and performance (TtM) within the context of an organizational environment. This relationship is shown in Figure 1 . Figure 1 shows the relation of the four blocks. The pieces of information are considered inputs, and will be represented by pertinent information and the concept of a new product. Project performance, or time to market (TtM), are the outputs, the final objective of the proposal, and will be measured in months. The organizational structure follows Albrecht's (1992) triangle model, and influences project uncertainties and performance. The organizational structure comprises (1) people, in this case the project team, (2) the processes used in the development of a project and (3) strategy which, in this case, follows Porter's (1992) proposal and aims at obtaining competitive advantage against competitors, being the first to launch a product in the market. Uncertainties are the means, and follow the approach Barros et al. 11483 that uncertainties will occur due to the lack of clear information, general uncertainty of casual relations and to the time amplitude of feedback results (Lawrence and Lorsh, 1986; Duncan, 1972; Milliken, 1987) . The organizational environment of the context follows Dess and Beard's (1984) approach, here defined as competitive environment, which forces direct impact on the results of the company.
METHODOLOGY Model proposed to identify uncertainties in the project of a new product
In order to identify the degree of probability to achieve the TtM, Figure 2 shows a flow of steps that have to be carried out to identify and format data in order to make a TtM simulation for a given project. This simulation will allow the project team to understand the probability the project has to be launched within the foreseen time.
The proposed model identifies the uncertainties in the project of a new product.
Step 1: Creation of work team
Work starts with the selection of the professionals who will implant the model proposed. A selective team, comprised of skilled people with compatible professional education, experience and knowledge of new product development process (NPD) are extremely important in achieving the desired results. The skills and qualification of the professionals who will take part in the team result in the best stratification of the needs necessary for the best development of a project, and appreciation of the indicators with greatest potential to meet the TtM. The successful definition of the variables (uncertainties) of the business model and the application of the model proposed, thus, is the result of the team's good qualification and capacitation.
Step 2: Project characterization
This activity consists of identifying the types of projects being carried out in the company, and later classification is based on four project dimensions: pace -level of urgency, novelty -purpose uncertainties; technology -technological uncertainties; complexity -measurement of product, task and organization complexity, considering the dimensions of the product and process. Basic processes are those processes that do not offer competitive advantage. Core processes are those processes that define a competitive advantage. Distinct processes are those processes that offer great competitive advantage in the field of the company analyzed. Breakthrough or radical projects are those that involve significant change in the project of a product, and which are likely to create a new family or new category of products for the organization. Platform or next generation projects are those that present significant changes in the project of the product, with no introduction of new technologies or materials, but that represent a new system of solutions to the customer. This new system may represent a new generation of products or family of products to the company. Incremental or derivative projects create derivative or hybrid products with small changes in the existing projects. These projects include cost-reduction versions of a product and project, with incremental innovations in the products. Since they are derived from existing projects, they usually require less resource (Clarck and Wheelwright, 1993).
Step 3: Evaluate uncertainties present at the fuzzy front end
This step of the model proposes an evaluation through a quantitative research that comprises issues regarding the difficulties found in concept generation. The procedure involves asking questions to project members to identify the main uncertainties in the project.
Step 4: Causal map of project concept generation phase
The purpose of this step is to establish causal relations among information, organizational factors, uncertainties and project performance. Once those relations are characterized, the causal map is created. Figure 3 shows a causal map of the influence of uncertainties on the performance of the project. The theoretical construct of the process to be analyzed will provide the causal relations among information, uncertainties and project performance, as shown in Figure 1 . Knowing the uncertainties, it is possible to complete the causal map, naming uncertainty factors at the beginning of the project and showing their influence on the project performance.
In the causal map, uncertainties depend on the characteristics of the information made available to the project in question so that, for example, the decision to introduce a greater innovation to the project, either a new technology for products or manufacturing processes (TDT), will exert a contrary influence on the expectation of the result foreseen. That is, the greater the precision required from the result, the greater the influence on uncertainty will be. On the other hand, the greater the variation of the limit of the purpose to be delivered the greater the uncertainty. Demir and Bostanci (2010) tells in their studies that information is useful, but insufficient in terms of risk analysis. Decision-makers rightly require further information on the probability of various scenarios. This demand can be met by developing a probability profile of the appraisal indicators such as net current value or internal rate of return. In order to produce a risk profile, it is necessary to carry out a risk simulation. Uncertainties exert a contrary influence on the certitude of information so that, the greater the uncertainty present, the smaller the certitude of the information available. The greater the certitude and completeness of the information available, the smaller the doubts and the greater the propensity for risk by the project team. On the other hand, the smaller the doubts about the information available, the greater the understanding of what has to be done, and the greater the easiness to find a solution in a smaller period of time.
Step 5: Probabilistic determination of project Tcet and TtM in the NPDs of three different models of organizations In this step, a mathematical modeling of the system is made, as shown in Figure 4 . Linear regression and variance analysis are used as a modeling tool, with software JMP/ANOVA (2011). They were chosen because they allow forecast and sensibility analysis between the variables involved in the process. The application of the linear regression and variance analysis methodologies, made from the data obtained in a questionnaire applied to the project team, is suggested in this activity. The linear regression analysis aims at defining the linear equation to make the (TtM) simulation. The quantification of the impact of each variable (uncertainty) on the development time of a project is expected, as well as getting a general equation that represents the impact of a set of variables on the total development time of a product. The simulation allows the identification of the variables (uncertainties) that have the most influence on the TtM. One of the products of the simulation is the evaluation of whether the process analyzed suffers linear variation. From Box and Cox (1964) 's analysis, one can define whether the analysis is linear or exponential.
Step 6: Develop solutions to solve the causes found
In the search for a solution for the uncertainties or problematic variables identified in the simulation (described in step 5), that affect the TtM, Figure 5 shows, in detail, a proposal to generate the solutions to improve the performance of the project. The proposal aims at developing a learning cycle or plan, which will have to be developed in three or four weeks for the discussion and solution of the uncertainty factor or problematic variable identified in the simulation. The learning cycle model follows the fast learning model proposed by Schipper and Swets (2011) .
Step 6 suggests mapping the learning cycle at the concept generation phase of a new product. Every journey starts with a plan or map, and in the case of the learning cycle, it is not different.
Planning of learning goals is a cross-functional activity in which all subjects will be represented by the project team members. This also includes customer's voice, which will be critical to the identification of the true requirements for the projects, and which will help when the team has to decide among alternatives to meet specifications. The planning has to be done on the first day of the learning cycle. The team has to first capture the key goal of the expected learning; in this case the uncertainties are identified by the simulation. For each learning goal, the team must make questions to be answered in order to determine what the project team does not know. These questions must close the gap between where the group is and where the group wants to go to deliver the project within the defined time frame. The members of the team also plan the tasks that need to be completed to answer the questions. Those tasks will be the responsibility of the group. The project goals, questions and tasks must be entirely aligned.
Application of the model proposed to three different NPDs
Execution of steps 1, 2 and 3
To better understand the reality of a project environment submitted to the pressures of a competitive market, an interview was made with a group of people who work with NPD at a big multinational company, leader in the home appliance sector in Brazil. The target public of the research is exclusively made of project leaders and specialists, highly experienced in the development of new products. Therefore, in this research, a sampling of intentional character was used with a group of 15 professionals of accumulated experience in leading projects between 5 and 25 years. The objective was to obtain the main perceptions of those specialists in terms of causes and factors that generate delays within a project, and that compromise the TtM. It was assumed that the public interviewed is skilled and competent enough to carry out a specific project task within a deadline once they are provided with the proper means to do it. The following are the uncertainty factors identified:
1. Commitment of functional areas (CAF) to project objectives; 2. Impact (time) on development of new product technology and/or reprocess within project (TDT); 3. Project team member competence (CMP); 4. Leader competence (CL) to manage activities; 5. Project scope clearness and maintenance (CME); 6. Project demands conciliation (marketing requirements, TtM, cost, quality and legal requirements) (CDP); -Resources availability (DR) (people/investment/budget).
Although the results of this research cannot be generalized to all project realities in various companies, it could be observed that elements such as completeness and imprecision of the information available are the main causes of task delivery delays by the project team. Likewise, it was not the intent of the research to evaluate whether the information available affected or not the quality of the results delivered by the designers during the execution of their activities. It is assumed that, in the search for better project solutions, even a competent team would need more time than the planned time to deal with incomplete information. In that case, it is estimated that, in the presence of doubts, there is less result efficiency because besides the greater time required to carry out the activities, the chances of rework and adjustments to the end product also increase.
Execution of step 4
Knowing the uncertainties, it is possible to complete the causal map shown in Figure 6 , naming the uncertainty factors at the initial phase of the project, and showing their influence on the performance of the project.
Execution of step 5
Using the flowchart for the simulation of the time to market, a second research has been made involving three models of different organizations. The models of NPDs chosen comprise projects of home appliance, compressor and pipes and fittings industries. The purpose of the second research was to validate the uncertainty factors identified in the previous research, and to understand their influence on the TtM of the projects developed in the three models of NPD. The specialists (project leaders) from the three organizations provide answers to this research, reporting the impact of these uncertainty factors on the major projects carried out.
To apply the analysis of variance, the definition of the general equation is proposed as follow:
Where: Y = development time of a new product; x = uncertainty.
To apply the linear regression, a study of the main projects carried out by the researched company is suggested. This research resulted in a sample of projects already carried out in the NPD research. They were identified as: Project1, Project 2, and Project 3...Project N. The seven factors (uncertainties), present in the fuzzy front end of a project, identified by the specialists as those that have the most impact on the TtM, comprise the group of variables x knowing the uncertainties (x), a workshop with those specialists (project leaders) was carried out to individually attribute the degree of impact of each variable on the product concept generation phase and on the time to market (Y) in each of the projects developed by the team as shown in Appendix A. The results of this analysis are shown as follows.
RESULTS
NPD of the home appliance industry
Simulation shows that factors such as impact on the timing of the development of a new technology for products and/or processes within the project (TDT), and project scope clarity and maintenance (CME) presented significant influence on not achieving the TtM in the home appliances industry assessed (Appendix B). Equations 1 obtained from a simulation analysis allowed the calculation of the time to develop the concept of a new product Tcet, and the total time to market TtM for NPD of the home appliance organization evaluated. The Tcet and TtM times are measured in days. Tcet = 287 + 41*TDT + (-60*CME) (2) TtM = 1131 + (-123*TDT) + (-97*CME) From the simulation, it is evident that the evaluated NPD of the industry should be concerned with prior identification, development and certification of new technologies to be introduced in their appliances (e.g.: Refrigerators, Washing Machines and Ranges) once the lack of know-how about those factors in terms of product and/or process has generated delays to the latest launchings. Sheng (2010) talks about technology application "after a company has decided to apply a technology to a new product, it incurs its first major costs. Further, when embodying technology in a product, a company is likely to face heavy costs in developing associated process and product technologies. Another finding regards the "non-maintenance" of the original proposal of the new product along the project. In other words, the briefing generated by marketing has not been consistent, being changed during the development of the project, leading to process re-loops and launching delays. Although, all uncertainty factors are present within (NPD), the simulation evidences shows greater concern with (TDT) and (CMP) in the projects to come as they have the most impact on the projects launched in the last couple of years. Factor (CAF) commitment of functional areas was also significant in the analysis. In that same analysis, a correlation between factor (CAF) and another factor researched (CME) was observed. That factor (CAF) did not appear significant in the analysis that considers the correlation of factors. Actually, the fact that (CAF) does not significantly appear makes sense when considering that commitment of functional areas always tends to appear as a positive or negative correlation, that is, if the scope is clear and the project team knows what to deliver for development, the commitment tends to be bigger. Therefore, the factor CAF has not been taken into consideration in the final equation. The factor CL, leaders' competence to manage project activities appeared in the analysis of Tcet as an important factor once leadership skills are more challenging in that step of the project due to the few data available to the execution of the tasks.
NPD of the Hermetic Compressors Industry
From the NPD of the compressors industry assessed, the simulation identified that the main uncertainty factors in the concept generation phase (Tcet) regard the impact on the development time of a new technology for products and/or processes within the project (TDT), the competence of the leader to manage activities (CL) and conciliation of project demands (CDP). In other words, Tcet is directly related to the capacity a leader has to conciliate project demands in relation to marketing, cost, quality and legal requirements, and new technologies to be applied to the new project. It is important to point out that in the (NPD) in question the uncertainty factor (TDT) is the one that may impact the most on the time to conceive a new product. In relation to the time to market (TtM), the main uncertainties that affect timing are the leader capacity to meet deadlines and manage the project, as well as to conciliate the original (TDT) within the launching timing. An interpretation of the data makes us think that variable (TDT) is more critical in the concept generation phase in face of the challenge to develop, test and make available a new technology (products or processes) to the plant. After that phase, variable (TDT) continues to influence project timing, but the original (CMP) also starts to influence because this is when the execution of project tasks is more standardized (drawings/prototypes/tests), and depends on the knowledge of the project team to improve performance. However, the simulation identifies uncertainty factors (TDT) and (CL) as preponderant to achieve TtM (Appendix C).
The research identified difficulties with the uncertainty factor regarding (CDP) project demand conciliation therefore we consider it important to understand more deeply which of the issues related to that complexity are the most important. For that purpose, an analysis of which project characterization factors mostly impact the TtM has been made, and one of the findings was that the adaptation of the new product to the manufacturing process is very critical in that type of industry. Being it a scale industry, manufacturing investments in automation are big, and a new product may require huge investment in manufacturing automation. Another perception was that as this company is an organization that develops state-of-the-art technology, its (R&D) team is already structured and has the goal to develop, test, certify and make new technologies available prior to the definition of a new product. Therefore, factor (TDT) appears less intensively, negatively influencing the (TtM) of a new product when compared to the research made in the home appliance industry. Other uncertainty factors highlighted in the research are related to the uncertainties regarding final cost which may be the uncertainty of a new technology (TDT) or the conciliation of project demands (CDP), or great dependency on plant approval of pilot lots which may be associated with the commitment of functional areas to project goals (CAF). Tcet and TtM for the compressor company is defined by equations ( 
NPD of the plastic components industry
The simulation is made taking into consideration the fact that the data originated from the research with NPD of the plastic components company. This shows that the uncertainty factors that most influenced time to market (TtM) were commitment of functional areas (CAF) and impact on the development of a new technology for products and/or processes within the project (TDT) (Appendix D). Also, the influence of project members competence (CMP) on the concept generation phase of a new project was pointed out. What is evidenced is that the greatest complexity lies on the amplitude of the project, that is, what portion of the product will be redesigned or what percentage of novelty will be designed, as well as the degree of interdependence between the new product and the process. Another uncertainty present in the research is related to the approval of new compounds that meet established standards (CDP). Knowledge of international market requirements has also been approached in the research (CDP). The equation that rules the (TtM) (in days) in this Barros et al. 11489 company is shown in (3). Tcet = 78 + 163*CAF + (-90*TDT) + (-58*CMP) (4) TtM = 577 + 167*CAF + (-237*TDT)
DISCUSSION AND IMPLICATIONS
The results of this study suggest that time performance in new product development is linked to a complex set of uncertainties: Commitment of functional areas (CAF) to project objectives; Impact (time) on development of new product technology and/or reprocess within project (TDT); -Project team members competence (CMP); -Leader competence (CL) to manage activities; -Project scope clearness and maintenance (CME); -Project demands conciliation (CDP); -Resources availability (DR). Not clarifying or removing this doubts caused by this set of uncertainties during the conceptualization phase could affect the time performance. These findings offer new insights both for academics and for (NPD) managers. Also, the conclusions and comments reflect the associative and exploratory nature of the study.
Also the results showed that NPD from B2B organizations (in our example, the hermetic compressors and pipes and fittings) is less dependent on the uncertainty factor clarity and maintenance of project scope (CME) once market standards for components limit variation, allowing greater clarity of what has to be developed, with no constant changes to the initial proposal. Another finding was that in organizations that use high technology to compete, through a wellstructured R&D, the uncertainty factor (TDT) tends to impact less on the TtM due to previous developments and know-how in new technologies. Analyzing the results of the simulation made with home appliances regarding the calculation of Tcet and TtM, it can be said that projects that have low uncertainty for factor (TDT) probably the application of technologies already tested in new products and mastered, and high clarity for project proposal (CME), that is, no changes to the scope of the new product, conceiving times (Tcet) and launching times (TtM) tend to be the smallest. This makes sense as projects called incremental, or facelift, which purpose is the improvement of a platform without great investments, follow that proposal. On the other hand, evidence shows that in the simulation analysis of NPD of home appliances projects said to be a breakthrough, as defined by Clark and Wheelwright (1993) , where usually new technologies are incorporated both to the product and to the process of a new product. A high TDT and small clarity for factor (CME) tends to be the most critical situation for Tcet and TtM because the project team does not master these technologies, and at the same time, the project suffers changes to the scope by the marketing area, which may cause delays to its development. Between these two extreme examples, we have projects that present moderate levels of TDT and CME, which are called new platform projects by Clark and Wheelwright (1993) , and which present intermediary Tcet and TtM when compared to the extreme examples analyzed.
For the software, JMP simulation, we need to validate the linearity of the context under study. Linearity of the model analyzed was confirmed through the analysis of linearity proposed by Box and Cox (1964) .
LIMITATIONS AND FUTURE RESEARCH
The important point to consider from the organization assessment is the level of NPD standardization. With the objective to have high degree of reliability on the analysis, the organization must have a standardization (NPD) process or a defined process, from the ideation to product launch with very clear steps for each phase of development and clear stage gates as explicit decision points. Also a clear definition when the project starts and where it ends and a project leader named since the project start until the launching time should be stated.
For other side it is not possible to make a single equation in order to establish the generation time of a new product (Tcet) or the time to market (TtM) a new product to all fields of (NPD) as each has different levels of: (1) maturity of the engineers involved, (2) organizational culture, (3) organization and leaders competence, (4) (NPD) process structure. Regarding engineers, one has to take into consideration their skills and previous experience in other projects. As to the organizational culture, one has to take into account the ability to work in teams and the reference model of product development used in the company researched. Therefore each (NPD) must have a characteristic equation to define their TtM. The final equation provided by the method cannot be generalized, but the model proposed to define the equation may be generalized once it uses the database of projects already carried out by the company researched, which denotes that each company may have its own equation to foresee the time to market a product. As this equation is based on a moment of the organization, in terms of maturity of its employees and skills of the product development area if one of those competences are lost for some reason, the equation may not reflect that reality. Therefore, the proposed model must be repeated every three years to validate possible evolutions or involutions of the company regarding its time-to-market.
Conclusions
A scientific contribution of the present study is to help analyze new product projects right at the beginning, through the use of simulation and to identify the main uncertainty factors present in that stage. When identifying the uncertainty factors that present the greatest influence on achieving Tcet and TtM in the development of products, we provide knowledge for the prior understanding of when a project is mature to be carried on, with no uncertainties that may generate delays, no stops and constant re-loops. Early identification of which is the main uncertainty factor will allow the organization to evaluate that factor and to establish a mitigation plan at the beginning of the project. A consequence of that knowledge will be better management of resources for projects in the pipeline, that is, projects may be cancelled or put on hold until variables (uncertainties) are under control.
The theoretical contribution expected is the isolation of the uncertainty factors that may delay the development of a new product, to establish better management of those factors as well as the identification of the importance of each of those indicators to the improvement of speed performance and assertiveness in concept generation of a new product. It is understood that the indication of those factors represents a practical contribution to increase company competitiveness through the effectiveness of their NDPs. Preparing and making a management model available to new product projects, in their initial phase, is a solution to handle the uncertainties of the fuzzy front end in order to better achieve the TtM. The importance of simulating the probable TtM right at the beginning of a project will help companies to more consistently manage the resources to be made available to NPD. Another important contribution of the study is to improve the decision-making process in terms of going ahead or not with the new project, based on the simulation of the Tcet and TtM. This simulation contribute to find what kind of uncertainties factors need to be submitted for fast learning cycle per project team with the objective to understand the uncertainties and fixed it to return to NPD process. Strong effectiveness done during the conceptualization phase help to guarantee the success of a new product launched.
